Site descriptions 141
The undulating terrain in the montane grassland is commonly used by the local communities 142 for extensive cattle grazing and although the study area is in the National Park, burning and 143 grazing still occasionally takes place. This study included two sites that were identified as 144 being burnt in 2003 (Wayqecha) and 2005 (Acjanaco) (refer to Fig 1) . The site at Wayqecha is 145 located at approximately 3085 m a.s.l. in Wayqecha Biological Station (13°18´S, 71°58´W), 146
where the mean annual precipitation is 1560 mm and mean annual air temperature is 11.8 °C 147 (Girardin et al. 2013) . The site at Acjanaco (13°17'S, 71°63´W), is located on the Manu national 148 park boarder at 3400 m a.s.l and has a mean annual precipitation of 760 mm and mean annual 149 air temperature 6.8 °C. The wet season runs from October to March and there are more 150
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extrapolating each bi-monthly measurement to a 60 day period and summing for a year. 185 186 In addition, soil temperature (at 5 cm and 10 cm depth) and soil moisture (at 10 cm depth) 187 were simultaneously measured in three locations adjacent to the collars using a ML2x 188
ThetaProbe equipped with 12 cm rods (Delta-T Ltd., UK) and type K thermocouples (Omega 189 Engineering Ltd., Manchester, UK). 190 191 
Soil sampling and analysis 192
Soil sampling: 50 g soil samples were taken in July 2012 with six replicates at 0-5, 5-10, 10-20 193 and 20-30 cm depths on each site. Soil samples were air-dried and sieved with a 2 mm mesh 194 sieve before being shipped to the University of St Andrews for all further analysis (Brown and 195 Lugo 1982). 196 197 Bulk density: soil bulk density was determined by the soil core method (Klute 1986). 198 Undisturbed soil cores (30 cm 3 ) were taken from three of the soil pits at 0-10, 10-20 and 20-199 30 cm. The samples were dried at 105 °C for 48 hours and bulk density was estimated as the 200 mass of oven-dry soil divided by the core volume. 201 202 Soil fractionation: Soils C fractions were separated using a method developed by (Marín-203 Spiotta et al. 2008) and (Mueller and Koegel-Knabner 2009), which combined both density 204 and particle-size fractionation. This method is useful for separating SOM based on the 205 location within the soil matrix and the degree of association with minerals. Prior to the 206 experiment, a sub-sample of soil was taken for moisture correction. The air-dried soil material 207 (15 g < 2 mm) was then saturated with 60 mL sodium polytungstate solution (NaPT, Na6 208
[H2W12O40], Sometu-Germany) at a density of 1.85g/mL and centrifuged for 45 minutes at 209 3600 rpm and allowed to settle overnight. The floating free light fraction (free LF) was 210 aspirated via a pump and rinsed with 500 mL of deionised water through a 0.4 µm 211 polycarbonate filter (Whatman Nuclepore Track Etch Membrane) to remove residual NaPT. 212
The remaining slurry was further saturated with 60 mL sodium polytungstate solution (1.4 g 213 cm -3 ), mixed using a benchtop mixer (Mixer/Vortexer -BM1000) for 1 minute at 3200 rpm 214 Discuss., doi:10.5194/bg-2017 Discuss., doi:10.5194/bg- -113, 2017 Manuscript under review for journal Biogeosciences Discussion started: 6 April 2017 c Author(s) 2017. CC-BY 3.0 License. was used to separate the occluded light fraction (occluded LF) from the mineral residue and 217 allowed to sit overnight to achieve further separation by flotation of organic debris and 218 settling of clay particles in solution. The occluded LF was then aspirated via a pump and rinsed. 219
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In order to remove the NaPT from the heavy fraction (heavy F), deionised water was mixed 220 with the material and centrifuged for 15 minutes at 4000 rpm 5 times. All fractions were oven 221 dried at 100 °C overnight, weighed and physically ground to a fine powder before C analysis 222 and isotope analysis. of soil organic matter mineralisation, using birch wood sticks as a common substrate. Five 231 sticks were placed in a mesh bag with three 2 cm holes cut into each bag to allow accessibility 232 for both microfauna and fauna. In July 2011, eighteen bags were buried at 10 cm depth, in 233 close proximity, on each site and three bags collected every two months. The sticks were 234 weighed before the experiment started and again after collection, once they were air dried, 235
to determine mass loss. The rate of decomposition was then calculated from the slope of a 236 linear regression with time against mass loss. 237 
Decomposition rates 279
The decomposition of the birch wood sticks was slow, with an overall average weight loss of 280 ~ 20 % in one year. Grazing alone appeared to slightly increase the rate of decomposition 281 when all the data were pooled together (grazed: y = 104.53 + -4.23x, R 2 = 0.98, non grazed: y 282 = 103.63 + -3.11, R 2 0.94), but burning alone did not affect decomposition rate (burnt: y = 283 103.34 + -3.57, R 2 = 0.96, non burnt: y = 104.82 + -3.76x, R 2 = 0.97) (Fig 3) . Site-specific 284 differences were observed for decomposition rates; for example, decomposition was 285 generally faster at Wayqecha compared to Acjanaco. In particular, the grazed -non burnt plot 286 at Wayqecha showed the fastest overall rate of decomposition (y = 101.98 + -0.19x, R 2 = 0.77) 287 and the non grazed -non burnt plots (controls) had the slowest decomposition rates (Fig 3) Decomposition was not a strong overall predictor for CO2 fluxes for the pooled dataset, 292 although there were some strong correlations between these two variables at specific study 293 sites. For example, there was a strong relationship between decomposition and soil CO2 fluxes 294 at Acjanaco (y = 0.38 + -0.18x, R² = 0.99) (i.e. faster mass loss = higher soil respiration), 295 whereas at Wayqecha, this relationship was weak (y = 1.56 + 0.06x, R² = 0.07). Land-use did 296 not appear to influence the decomposition rate-soil CO2 flux relationship. 297 298
Belowground C stocks 299
Grazing, burning and the combination of burning and grazing did not significantly alter total 300 soil C at any depth down to 30 cm (Table 3 ). The overall sum of all the measured depths 301 showed signs of a decrease in C stocks on the grazed soils, from 183 ± 62 Mg C ha -1 on the 302 undisturbed sites to 149 ± 35 Mg C ha -1 on the grazed-burnt sites, but this was not statistically 303 significant at the P < 0.05 level. On average, Acjanaco (2003) The pooled dataset demonstrated that these soils have a notably large free LF (~20 %). When 308 looking at the different treatments and averaging the data across the soil profile (0-30 cm), 309 burning and grazing had a significant negative effect on the proportion of C in the free LF 310 Biogeosciences Discuss., doi:10.5194/bg-2017-113, 2017 Manuscript under review for journal Biogeosciences Discussion started: 6 April 2017 c Author(s) 2017. CC-BY 3.0 License. = 0.002), whereas at Acjanaco there were no significant differences among the land uses. 317
318
The occluded LF appeared to be more strongly affected by burning in comparison to grazing, 319 with burnt soils displaying a significant increase in the occluded LF. For example, when pooling 320 the data from across different soil depths (0-30 cm), for the two sites combined, the burnt 321 soils had a much higher proportion of C in the occluded LF (12 %) compared to the non-burnt 322 soils (7 %). There were no significant differences among the treatments in the heavy F, with 323 an average of ~ 70 %. 324 325 326 6. Discussion 327
Soil respiration and decomposition rates 328
In this study, soil CO2 fluxes ranged from 2.35 to 3.82 to Mg C ha -1 yr -1 , which is in the lower 329 range (0.7 -14.8 Mg C ha -1 yr -1 ) of other high elevation montane grassland studies (Cao et al. rather Acjanaco being at a slightly higher elevation and on average 4 °C cooler. Despite the 339 variance in mean annual temperature, the two sites both showed a positive correlation 340 between temperature and soil respiration. Interestingly though, the decomposition rates at 341 Acjanaco correlated with the CO2 fluxes, suggesting that decay was a good predictor of CO2 342 Discuss., doi:10.5194/bg-2017 Discuss., doi:10.5194/bg- -113, 2017 Manuscript under review for journal Biogeosciences Discussion started: 6 April 2017 c Author(s) 2017. CC-BY 3.0 License.
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on the free LF were most pronounced when grazing and burning occurred together, in which 410 case, the free LF showed the most pronounced declines. 411
412
The significant positive effect of burning on the occluded LF may be the result of charcoal 413 particles (from burning) becoming incorporated into the occluded LF. Charcoal, because of its 414 low density, tends to reside in the lighter fractions (Cadisch et al. 1996; Glaser et al. 2000; 415 Sollins et al. 2006) , despite its recalcitrance. Because the fires took place almost ten years 416 ago, the charcoal may no longer be resident the free LF but may have become occluded into 417 soil micro-aggregates due to its high sorptive capacity (Qayyum et al. 2014) . Once 418 incorporated into micro-aggregates, charcoal can be maintained for centuries after fire 419 (Zackrisson, Nilsson and Wardle 1996) . 420 421 422
Conclusions 423
This study highlights the complexities of how land management can affect soil C dynamics in 424 montane tropical grasslands. The results suggest that montane grasslands are resilient to soil 425 C losses under moderate intensity land use. Total C stocks appeared unaffected by burning 426 and grazing, although a change was observed in the distribution of soil C across different soil 427 C fractions, with burning leading to a significant reduction in the free LF pool and an 428 enhancement of the occluded LF pool. Most specifically, our study shows that land 429 management affected the magnitude and drivers of soil respiration and decomposition. 430
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